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METHOD AND APPARATUS OF MANUFACTURING ELECTRONIC CIRCUIT MODULE , 
AND METHOD AND APPARATUS OF MANUFACTURING SEMICONDUCTOR MODULE g ^ 



Japanese Patent Application No. 2001-91914, filed on 
5 March 28^ 2001^ is hereby incorporated by reference in its ^ ^ 
entirety. 

BACKGROUND OF THE INVENTION 
The present invention relates to a method and an apparatus 
10 of manufacturing an electronic circuit module, and a method and 
an apparatus of manufacturing a semiconductor module. 

A method of bonding a plurality of electronic parts to 
an interconnect substrate by combining ref low soldering and 
flow soldering is known. In this case, one surface of the 
15 interconnect substrate is generally subjected to ref low 
soldering, and the other surface is subjected to flow soldering 
thereafter. 

In flow soldering, molten solder is supplied to the 
interconnect substrate. The interconnect substrate is heated 

20 instantaneously by the molten solder, whereby the temperature 
of the interconnect substrate is increased. This causes a large 
difference in temperature between two surfaces of the 
interconnect substrate, whereby the interconnect substrate may 
be warped. As a result, ref low soldered connection sections 

25 of the electronic parts may be removed from the interconnect 
substrate. 
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SUMMARY OF THE INVENTION 
A method of manufacturing an electronic circuit module 
according to the present invention comprises flow soldering 
which comprises preheating an interconnect substrate on which 
5 an electronic part is placed, and supplying molten solder to 
a first surface of the interconnect substrate, whereby the first 
surface is heated to a specific temperature, 

wherein the interconnect substrate is heated by the 
preheating so that a difference between a temperature of the 
10 first surface immediately before supplying the molten solder 
and the specific temperature at the time of supplying the molten 
solder is 100**C or less. 

A method of manufacturing a semiconductor module 
according to the present invention comprises the above method 
15 of manufacturing an electronic circuit module, 

wherein the electronic part is a semiconductor device. 
An apparatus of manufacturing an electronic circuit 
module according to the present invention comprises: 

a preheating section which includes a heater for heating 
20 an interconnect substrate on which an electronic part is placed, 
and 

a solder supplying section which supplies molten solder 
to a first surface of the interconnect substrate, whereby the 
first surface is heated to a specific temperature, 
25 wherein the heater heats the interconnect substrate so 

that a difference between a temperature of the first surface 
immediately before supplying the molten solder and the specific 
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temperature at a time of supplying the molten solder is 100^'C 
or less • 

An apparatus of manufacturing a semiconductor module 
according to the present invention comprises the above 
5 apparatus of manufacturing an electronic circuit module, 

wherein the electronic part is a semiconductor device. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
Figs . lA and IB are views showing a method of manufacturing 
10 an electronic circuit module according to a first embodiment 
to which the present invention is applied. 

Fig. 2 is a view showing the method and an apparatus of 
manufacturing an electronic circuit module according to the 
first embodiment to which the present invention is applied. 
X5 Fig. 3 is a view showing a method and an apparatus of 

manufacturing an electronic circuit module according to a 
second embodiment to which the present invention is applied. 

Fig. 4 is a view showing the apparatus of manufacturing 
an electronic circuit module according to the second embodiment 
20 to which the present invention is applied. 

DETAILED DESCRIPTION OF THE EMBODIMENT 
The present embodiment may provide a method and an 
apparatus of manufacturing an electronic circuit module capable 
25 of solving the above-described problem and ensuring a highly 
reliable electrical connection between electronic parts and an 
interconnect substrate / and a method and an apparatus of 
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manufacturing a semiconductor module. 

(1) A method of manufacturing an electronic circuit module 
according to the present embodiment comprises : 

flow soldering which comprises preheating an 
5 interconnect substrate on which an electronic part is placed, 
and supplying molten solder to a first surface of the 
interconnect substrate, whereby the first surface is heated to 
a specific temperature, 

wherein the interconnect substrate is heated by the 
10 preheating so that a difference between a temperature of the 
first surface immediately before supplying the molten solder 
and the specific temperature at the time of supplying the molten 
solder is 100**C or less. 

According to this embodiment, the change in the 
15 temperature of the interconnect substrate instantaneously 
caused by supplying the molten solder can be limited to 100**C 
or less. If the instantaneous increase in the temperature is 
100**C or less, warping of the interconnect substrate scarcely 
occurs. Therefore, deterioration or destruction of an 
20 electrical connection section between an electronic part and 
an interconnect substrate can be reduced. 

(2) in this method of manufacturing an electronic circuit 
module, the interconnect substrate may be heated by the 
preheating so that a difference between a temperature of the 

25 first surface immediately before supplying the molten solder 
and the specific temperature at the time of supplying the molten 
solder is 20**C or less. 
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This enables the increase in the temperature of the 
interconnect substrate caused by supplying the molten solder 
to be limited to at least 20**C or less, whereby warping of the 
interconnect substrate can be decreased more effectively. 
5 (3) in this method of manufacturing an electronic circuit 
module, a temperature increase rate a. of the first surface of 
the interconnect substrate during the preheating may be 
0 < a ^ 125 CC/s^c). 

This enables the interconnect substrate to be heated to 
10 such an extent that warping which causes deterioration of the 
quality of the interconnect substrate does not occur. 
(4) In this method of manufacturing an electronic circuit 
module, the interconnect substrate may be heated using at least 
either a hot blast or radiant heat during the preheating. 
15 ( 5 ) This method of manufacturing an electronic circuit module 
may further comprise heating a second surface of the 
interconnect substrate in the step of supplying the molten 
solder • 

According to this feature, even if the temperature of the 
20 first surface is increased by supplying the molten solder, the 
second surface of the interconnect substrate is heated at the 
same time. Therefore, a difference in the temperature between 
the two surfaces of the interconnect substrate can be decreased. 
This enables warping of the interconnect substrate to be further 
25 decreased. 

(6) In this method of manufacturing an electronic circuit 
module, the interconnect substrate may be heated so that a 
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difference between a temperature of the first surface of the 
interconnect substrate and the temperature of the second 
surface of the interconnect substrate is 140*'C or less. 

If a difference in the temperature between the two 
5 surfaces of the interconnect substrate is 140**C or less, the 
interconnect substrate can be heated to such an extent that 
warping which causes deterioration of the quality of the 
interconnect substrate does not occur. 

(7) In this method of manufacturing an electronic circuit 
10 module, the temperature of the interconnect substrate may be 

detected and a heating temperature of the interconnect 
substrate may be controlled based on a detected result. 

According to this feature, since the heating temperature 
of the interconnect substrate is controlled based on a detected 
15 result of the temperature of the interconnect substrate, the 
temperature can be managed precisely. 

(8) in this method of manufacturing an electronic circuit 
module, the temperature of the second surface of the 
interconnect substrate may be detected while the temperature 

20 of the first surface of the interconnect substrate is detected 
and a heating temperature of the interconnect substrate may be 
controlled based on a value obtained by comparing detected 
results of both surfaces . 

According to this feature, since the temperatures of both 

25 surfaces of the interconnect substrate are detected and the 
detected results are compared, the temperature can be managed 
precisely so that the difference in temperature between the two 
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surfaces is maintained within a specific range. 

(9) A method of manufacturing a semiconductor module 
according to the present embodiment comprises the above method 
of manufacturing an electronic circuit module , 

5 wherein the electronic part is a semiconductor device. 

(10) An apparatus of manufacturing an electronic circuit 
module according to the present embodiment comprises: 

a preheating section which includes a heater for heating 
an interconnect substrate on which an electronic part is placed, 
10 and 

a solder supplying section which supplies molten solder 
to a first surface of the interconnect substrate, whereby the 
first surface is heated to a specific temperature, 

wherein the heater heats the interconnect substrate so 
15 that a difference between a temperature of the first surface 
immediately before supplying the molten solder and the specific 
temperature at a time of supplying the molten solder is lOCC 
or less. 

According to this embodiment, the change in the 
20 temperature of the interconnect substrate instantaneously 
caused by supplying the molten solder can be limited to 100**C 
or less. If the instantaneous increase in the temperature is 
100°C or less, warping of the interconnect substrate scarcely 
occurs. Therefore, deterioration or destruction of an 
25 electrical connection section between an electronic part and 
an interconnect substrate can be reduced. 

(11) In this apparatus of manufacturing an electronic circuit 
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module^ the heater may heat the interconnect substrate so that 
a difference between a temperature of the first surface 
immediately before supplying the molten solder and the specific 
temperature at a time of supplying the molten solder is 20°C 
or less • 

This enables the increase in the temperature of the 
interconnect substrate caused by supplying the molten solder 
to be limited to at least 20**C or less, whereby warping of the 
interconnect substrate can be reduced more effectively. 

(12) In this apparatus of manufacturing an electronic circuit 
module/ the heater may be disposed at least on the first surface 
of the interconnect substrate , 

wherein the heater is disposed at least on a side of the 

first surface of the interconnect substrate, 

wherein the temperature increase rate a of the first 
surface of the interconnect substrate is 

0 < a S 125 CC/sec). 

This enables the interconnect substrate to be heated to 
such an extent that warping which causes deterioration of the 
quality of the interconnect substrate does not occur. 

(13) in this apparatus of manufacturing an electronic circuit 
module, the heater may be a sheath heater. 

(14) In this apparatus of manufacturing an electronic circuit 
module, the heater may be a far infrared heater. 

(15) In this apparatus of manufacturing an electronic circuit 
module, the heater may be equipped with a fan. 

(16) In this apparatus of manufacturing an electronic circuit 
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module, a blowing section of a hot blast from the heater may 
be provided on a side of the first surface of the interconnect 
substrate in the preheating section. 

According to this feature, even if sufficient space for 
5 providing a heater cannot be secured near the interconnect 
substrate in the preheating section, the interconnect substrate 
can be heated by a heater remotely placed from the substrate. 

(17) in this apparatus of manufacturing an electronic circuit 
module, the solder supplying section may comprise: 

10 a solder supplying part disposed on a side of the first 

surface of the interconnect substrate, and 

a second heater disposed on a side of a second surface 
of the interconnect substrate. 

According to this feature, even if the temperature of the 

15 first surface is increased by supplying the molten solder, the 
second surface of the interconnect substrate is heated at the 
same time. Therefore, the difference in temperature between 
the two surfaces of the interconnect substrate can be decreased. 
This enables warping of the interconnect substrate to be further 

20 decreased. 

(18) in this apparatus of manufacturing an electronic circuit 
module, at least either the heater or the second heater may heat 
the interconnect substrate so that a difference between the 
temperature of the first surface of the interconnect substrate 

25 and the temperature of the second surface of the interconnect 
substrate is 140*^0 or less. 

If the difference in the temperature between the two 



9 



surfaces of the interconnect substrate is 140*^0 or less, the 
interconnect substrate can be heated to such an extent that 
warping which causes deterioration of the quality of the 
interconnect substrate does not occur. 
5 (19) This apparatus of manufacturing an electronic circuit 
module may further comprise: 

a sensor which detects a temperature of the interconnect 
substrate, and 

a heater control section which controls the temperature 
10 of at least either the heater or the second heater for heating 
the interconnect substrate based on a result detected by the 
sensor. 

According to this feature, since the heating temperature 
of the interconnect substrate is controlled based on a detected 
15 result of the temperature of the interconnect substrate, the 
temperature can be managed precisely. 

(20) This apparatus of manufacturing an electronic circuit 
module may comprise: 

a first sensor which detects the temperature of the first 
20 surface of the interconnect substrate, 

a second sensor which detects the temperature of the 
second surface of the interconnect substrate, and 

a heater control section which controls the temperature 
of at least either the heater or the second heater for heating 
25 the interconnect substrate by comparing detected results of the 
first and second sensors. 

According to this feature, since the temperatures of both 
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surfaces of the interconnect substrate are detected and the 
detected results are compared, the temperature can be managed 
precisely so that a difference in the temperature between the 
two surfaces is maintained within a specific range, 
5 (21) An apparatus of manufacturing a semiconductor module 
according to the present embodiment comprises the above 
apparatus of manufacturing an electronic circuit module, 

wherein the electronic part is a semiconductor device • 
The embodiments of the present invention are described 
10 below with reference to the drawings. However, the present 
invention is not limited to the following embodiments. 

First embodiment 

Figs. lA to 2 are views illustrating a method and an 

15 apparatus of manufacturing an electronic circuit module 
according to a first embodiment to which the present invention 
is applied. In the present embodiment, first electronic parts 
20 and 22 are bonded to a second surface 14 of an Interconnect 
substrate 10, and second electronic parts 42, 44, 46, and 48 

20 are bonded to the interconnect substrate 10 thereafter by 
supplying molten solder to a first surface 12 . 

Figs. lA and IB are views showing a step of bonding the 
first electronic parts 20 and 22 to the interconnect substrate 
10. In the example shown in the figures, the first electronic 

25 parts 20 and 22 are mounted using reflow soldering. The first 
electronic parts 20 and 22 may be mounted using soldering by 
hand, or a combination of reflow soldering and hand soldering. 
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AS the interconnect substrate 10/ a conventional 
substrate may be used. The interconnect substrate 10 is an 
organic or inorganic substrate on which interconnect patterns 
16 are formed. The interconnect substrate 10 may be referred 
5 to as a circuit substrate or a printed wiring board (PWB) . The 
interconnect substrate 10 is provided with various types of 
electronic parts mounted thereon and installed in electronic 
equipment. The interconnect substrate 10 may be either a rigid 
substrate or a flexible substrate, which may be either a 

10 single-layer substrate or a multi-layer substrate. 

The interconnect substrate 10 has the second surface 14 
and the first surface 12 opposite thereto. Through- holes 18 
may optionally be formed through the first and second surfaces 
12 and 14 of the interconnect substrate 10. Part of the 

15 interconnect patterns 16 (not shown) is formed in the 
through-holes 18. Leads of through-hole type electronic parts 
are inserted into the through-holes 18. 

Solder 30 is applied to the second surface 14 of the 
interconnect substrate 10. The solder 30 may be applied to 

20 lands of the interconnect patterns 16. The first electronic 
parts 20 and 22 are soldered onto the interconnect patterns 16. 
AS the solder 30, solder containing no lead (lead-free solder) 
may be used. A material containing tin may be used for the 
lead-free solder. The lead-free solder may be formed of a 

25 material containing at least one of silver, copper, zinc, and 
bismuth in addition to tin. The solder 30 is supplied in an 
appropriate amount using printing or the like. 



12 



The first electronic parts 20 and 22 are mounted on the 
second surface 14 of the interconnect substrate 10 using the 
solder 30. The first electronic parts 20 and 22 are generally 
surf ace -mount type electronic parts (SMD) . The surface-mount 
5 type electronic parts are generally bonded to the interconnect 
substrate 10 using reflow soldering. The first electronic 
parts 2 0 and 22 include electronic devices such as an active 
device or passive device. The first electronic parts 20 and 
22 may be manufactured by packaging electronic devices. As 

10 examples of the first electronic parts 20 and 22, semiconductor 
devices/ resistors , capacitors , coils , oscillators, filters, 
thermos ensors, thermistors, varistors, variable resistors, 
fuses, and the like can be given. In the example shown in Fig. 
lA, the first electronic part 20 is a QFP-type semiconductor 

15 device. 

The second surface 14 on which the first electronic parts 
20 and 22 are mounted is subjected to a reflow step. 
Specifically, the interconnect substrate 10 is placed in a 
furnace equipped with a heater 40. The heater 40 is generally 

20 disposed on the side of the second surf ace 14 of the interconnect 
substrate 10. The reflow step may be performed using a 
conventional method. 

The solder 30 is melted during the reflow step, whereby 
the first electronic parts 20 and 22 are bonded to the 

25 interconnect patterns 16 on the second surface 14, as shown in 
Fig. IB. m more detail, connection sections 32 are formed 
between external terminals (leads, for example) of the first 
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electronic parts 20 and 22 and the interconnect patterns 16, 
through which the external terminals and the interconnect 
patterns 16 are electrically connected, as shown in the figure. 
The second electronic parts 42 to 48 are mounted on the 
5 interconnect substrate 10. The second electronic parts 42 to 
4 8 may be mounted on either the second surface 14 or the first 
surface 12 of the interconnect substrate 10. The second 
electronic parts 42 to 4 8 may be either the surface-mount type 
or through-hole type. The through-hole type second electronic 

10 parts (THD) 42 and 44 are mounted on the second surface 14 of 
the interconnect substrate 10. The surface-mount type second 
electronic parts (SMD) 46 and 48 are mounted on the first surface 
12 of the interconnect substrate 10. The through-hole type 
second electronic parts 42 and 44 are secured by inserting the 

15 leads into the through-holes 18. The surface-mount type second 
electronic parts 46 and 48 are bonded to the first surface 12 
using an adhesive (not shown). The second electronic parts 42 
and 44 may be provided after bonding the second electronic parts 
46 and 48 to the interconnect substrate 10. 

20 Molten solder 62 is supplied to the first surface 12 of 

the interconnect substrate 10 , as shown in Fig . 2 . Specifically , 
the second electronic parts 42 to 48 are flow soldered. This 
step may be performed using a manufacturing apparatus shown in 
the figure. 

25 This manufacturing apparatus includes a preheating 

section provided with heaters 50 and 52, and a solder supplying 
section for supplying the molten solder 62. The interconnect 
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substrate 10 is transferred in a direction 72 from the 
preheating section to the solder supplying section by a transfer 
means 70 which passes each section. 

The number of heaters in the preheating section may be 
5 one or more. In the example shown in the figure, a plurality 
of heaters 50 and 52 is provided. The heaters 50 and 52 preheat 
the interconnect substrate 10. For example, the heaters 50 and 
52 may be disposed along the first surface 12 of the interconnect 
substrate 10. Preheating the interconnect substrate 10 can 

10 prevent the temperature of the first surface 12 of the 
interconnect substrate 10 from increasing instantaneously to 
a large extent in the next solder supplying section. 

The solder supplying section includes a solder supplying 
part 60 which contains the molten solder 62. The solder 

15 supplying part 60 is disposed along the first surface 12 of the 
interconnect substrate 10, and supplies the molten solder 62 
to the first surface 12. The solder supplying part 60 may be 
either a stationary type solder tank or a jet flow type solder 
tank. Specifically, the flow soldering may be either dip 

20 soldering or jet flow soldering. In the case of using jet flow 
soldering, the molten solder 62 in the solder supplying part 
60 is pressurized using a pump (not shown) and jetted toward 
the interconnect substrate 10 according to the shape of a nozzle 
64. The molten solder 62 may be either solder containing lead 

25 or solder containing no lead. When the molten solder 62 is 
supplied to the first surface 12 of the interconnect substrate 
10, the temperature of the first surface 12 is increased 



15 



instantaneously (at a rate of 185°C/sec, for example). 

The heaters 50 and 52 heat the interconnect substrate 10 
so that the difference between the temperature of the first 
surface 12 immediately before supplying the molten solder 62 
5 and the temperature of the first surface 12 at the time of 
supplying the molten solder 62 is 100 or less. The 
temperature of the first surface 12 immediately before 
supplying the molten solder 62 may be either lower or higher 
than the temperature of the first surface 12 at the time of 

10 supplying the molten solder 62. This enables the change in the 
temperature of the interconnect substrate 10 instantaneously 
caused by supplying the molten solder 62 to be lOC^C or less. 
Specifically, if the difference in the temperature is lOOoC^ 
the amount of warping of the interconnect substrate 10 can be 

15 decreased in the same manner as in the case where the difference 
in the temperature is smaller (50 "C, for example). The 
interconnect substrate 10 is warped significantly when the 
temperature difference exceeds 100*'C. For example, in the case 
where the temperature of the first surface 12 at the time of 

20 supplying the molten solder 62 is about 250^C, the temperature 
of the first surface 12 immediately before supplying the molten 
solder 62 may be about 150 to 250*'C. 

The heaters 50 and 52 may heat the interconnect substrate 
10 so that the difference between the temperature of the first 

25 surface 12 immediately before supplying the molten solder 62 
and the temperature of the first surface 12 at the time of 
supplying the molten solder 62 is 20*^0 or less. The heaters 
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50 and 52 may heat the interconnect substrate 10 so that there 
is almost no difference between these temperatures. This 
enables the change in the temperature of the interconnect 
substrate 10 instantaneously caused by supplying the molten 
5 solder 62 to be limited to at least 20*^0 or less (within the 
range of error of apparatus), whereby the amount of warping of 
the interconnect substrate 10 can be decreased more 
effectively. 

The heaters 50 and 52 may heat the interconnect substrate 
10 10 so that the temperature increase rate of the first surface 
12 of the interconnect substrate 10 is 0 <a ^ 125 C^C/sec). 
The temperature increase rate a {"C/sec) and the amount of 
warping d (mm) of the interconnect substrate 10 have the 
following relation. 

15 
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From the above relation, if the temperature increase rate 
is 125 **C /sec, the amount of warping of the interconnect 
25 substrate 10 can be decreased almost in the same manner as in 
the case where the temperature is increased more slowly 
(temperature increase rate of 100**C/sec, for example). On the 
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contrary/ in the case where the temperature increase rate 
exceeds 125*^0/860 (temperature increase rate of ISO^^C/sec, for 
example) / the interconnect substrate 10 is significantly warped. 
Therefore/ the interconnect substrate 10 can be preheated to 
such an extent that warping, which causes deterioration of the 
quality of the interconnect substrate 10 (such as delamination 
of electronic parts ) , does not occur by limiting the temperature 
increase rate a within the above range. The temperature of the 
first surface 12 of the interconnect substrate 10 may be 
increased at either a constant rate or a variable rate. 

The temperature of the heaters 50 and 52 for heating the 
interconnect substrate 10 may be set so as to be changed at a 
plurality of positions in the preheating section along the 
transfer direction 72. For example, the heating temperature 
of the interconnect substrate 10 may be increased as the 
interconnect substrate 10 approaches the solder supplying 
section. The interconnect substrate 10 may be heated at a 
uniform temperature at each of a plurality of positions. 

The heaters 50 and 52 preferably heat the interconnect 
substrate 10 until immediately before supplying the molten 
solder 62 to the interconnect substrate 10. Specifically, the 
heater (heater 52 in Fig. 2) is preferably provided in the 
preheating section so as to be present near the solder supplying 
section • 

In the example shown in the figure, the heater 52 is 
disposed between the heater 50 and the solder supplying part 
60. The heater 52 may heat the interconnect substrate 10 using 
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a hot blast. In this case, the heater 52 may be provided with 
a fan 54. The heater 52 has a blowing section 56 which blows 
a hot blas-t against the interconnect substrate 10 . This enables 
the interconnect substrate 10 to be heated efficiently even if 
5 it is necessary to provide the heater 52 at a certain interval 
from the interconnect substrate 10. Specifically/ even if 
sufficient space cannot be secured for providing the heater near 
the transfer means 70 , the interconnect substrate 10 can be 
heated until immediately before supplying the molten solder 62 

10 to the interconnect substrate 10. 

The heating structure of the heaters 50 and 52 is not 
limited to that described above. For example, the heaters 50 
and 52 may be infrared heaters { including far infrared heaters ) . 
There are no specific limitations to the structure of the 

15 infrared heater insofar as the heater utilizes infrared 
radiation (including far infrared radiation). The heaters 50 
and 52 may be sheath heaters or coil heaters. The heaters 50 
and 52 may be equipped with a fan. In the case of using a 
plurality of heaters 50 and 52, heaters having different 

20 structures may be used in combination. The heating method may 
be a method using radiant heat of far infrared radiation or the 
like, a method using a hot blast, a combination of these, or 
the like. In the case of using radiant heat, the interconnect 
substrate 10 can be heated efficiently by selecting heat rays 

25 having a wavelength suitable for the object to be heated 
(interconnect substrate 10). 

According to the method of manufacturing an electronic 
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circuit module according to the present embodiment, the change 
in temperature of the interconnect substrate 10 instantaneously 
caused by supplying the molten solder 62 can be limited to at 
least 100 °C or less. If the instantaneous increase in 
5 temperature is 100 ^'C or less, warping of the interconnect 
substrate 10 scarcely occurs. Therefore, deterioration of or 
damage to the electrical connection sections 32 between the 
first electronic parts 2 0 and 22 and the interconnect substrate 
10 can be prevented. The structure and effects of the apparatus 
10 of manufacturing an electronic circuit module according to the 
present emboddLment are the same as described above. 

Second embodiment 

Pigs. 3 to 4 are views illustrating a method and an 

15 apparatus of manufacturing an electronic circuit module 
according to a second embodiment to which the present invention 
is applied. The content described in the first embodiment is 
applied to the present embodiment as far as possible. In Fig. 
4, electronic parts mounted on the interconnect substrate 10 

20 are omitted. 

In the present embodiment, the second surface 14 of the 
interconnect substrate 10 is heated when supplying the molten 
solder 62 . According to this feature, even if the first surface 
12 is heated to a high temperature by supplying the molten solder 

25 62 , the second surface 14 is heated at the same time . Therefore, 
the difference in temperature between the first and second 
surfaces can be decreased. Specifically, the amount of warping 
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of the interconnect substrate 10 can be decreased more 
effectively by decreasing the difference in temperature betvreen 
the first and second surfaces 12 and 14. 

The interconnect substrate 10 may be heated so that the 
5 difference in temperature between the second surface 14 and the 
first surface 12 is 140 or less. In more detail^ the 
difference in temperature between the second surface 14 and the 
first surface 12 may be set at 140°C or less by heating the second 
surface 14 when supplying the molten solder 62. The difference 

10 in temperature may be set at 140*^0 or less by heating the 
interconnect substrate 10 not only when supplying the molten 
solder 62/ but also during preheating. In this case, not only 
the first surface 12, but also the second surface 14 of the 
interconnect substrate 10 are heated. 

15 The difference ^ (^C/sec) in the temperature increase 

rate between the first and second surfaces 12 and 14 and the 
amount of warping d (mm) of the interconnect substrate 10 have 
the following relation. 
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From the above relation, if the difference in the 
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■temperature increase rate is about 140**C/sec^ the amount of 
warping of the interconnect substrate 10 can be decreased almost 
in the same manner as in the case where the difference is smaller 
(difference in temperature increase rate of 40 ''C /sec, for 

5 example ) . On the contrary, if the difference in the temperature 
increase rate exceeds 140^C/sec (difference in temperature 
increase rate of 175*C/sec, for example), the amount of warping 
of the interconnect substrate 10 increases comparatively. 
Therefore/ the interconnect substrate 10 can be preheated and 

10 the molten solder can be supplied to such an extent that warping , 
which causes deterioration of the quality of the interconnect 
substrate 10 (such as delamination of electronic parts), does 
not occur by limiting the difference /? in the temperature 
increase rate within the above range. 

15 The apparatus of manufacturing an electronic circuit 

module according to the present embodiment further includes a 
second heater 80 in the solder supplying section provided along 
the second surface 14 of the interconnect substrate 10. A 
heater 58 may also be provided in the preheating section along 

20 the second surface 14 of the interconnect substrate 10. This 
enables the difference in temperature between the first and 
second surfaces 12 and 14 to be decreased during preheating. 
The structure and heating method of the above heaters may be 
applied to the heater 58 and the second heater 80 . For example, 

25 the heater 80 may be equipped with a fan 82. 

The temperature of the interconnect substrate 10 may be 
detected and the heating temperature of the interconnect 
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substrate 10 may be controlled based on the detected results^ 
as shown in Fig. 4 . In this case., the temperature may be managed 
by feedback control. 

in the example shown in the figure, the apparatus of 

5 manufacturing an electronic circuit module includes a first 
sensor 9 0 for detecting the temperature of the first surface 
12 of the interconnect substrate 10, and a second sensor 92 for 
detecting the temperature of the second surface 14. The 
temperature on the respective surfaces of the interconnect 

10 substrate 10 is detected using the first and second sensors 90 
and 92. The detected results are sent to a heater control 
section 94 for controlling the heating temperature of the 
heaters. For example, the first and second sensors 90 and 92 
may convert the detected temperature into electrical signals 

15 and send the signals to the heater control section 94. The 
temperatures of the first and second surfaces 12 and 14 of the 
interconnect substrate 10 may be detected using only one sensor. 

The first and second sensors 90 and 92 may detect the 
temperature of the interconnect substrate 10 by either 

20 contacting or not contacting the interconnect substrate 10 . In 
the latter case, the first and second sensors 90 and 92 may detect 
the temperature by recognizing the images of the interconnect 
substrate 10 and analyzing the image data. For example, the 
first and second sensors 90 and 92 may be thermographs. 

25 The heater control section 94 controls the heating 

temperature of at least one of the heaters 50^ 52, and 58 and 
the second heater 80 based on the signals sent from the sensors 
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90 and 92. For example, in the case where the temperature of 
the first surface 12 does not reach the target temperature^ the 
heating temperatures of the heaters 50 and 52 for heating the 
first surface 12 are increased so that the temperature of the 
5 first surface 12 reaches the target temperature. This enables 
the temperatureis of the first and second surfaces 12 and 14 of 
the interconnect substrate 10 to be managed precisely. 

The temperature of the first surface 12 detected by the 
first sensor 90 and the temperature of the second surface 14 

10 detected by the second sensor 92 may be compared ^ and the heating 
temperature of each heater may be controlled based on the 
difference between these temperatures, for example. In this 
case, the heater control section 94 may include a data 
processing section (not shown) for automatically calculating 

15 the data detected by the first and second sensors 90 and 92. 
This enables the temperature to be managed precisely so that 
the difference in temperature between the first and second 
surfaces 12 and 14 of the interconnect substrate 10 is 
maintained within the specific range. 

20 The temperature of the interconnect substrate 10 is 

optimized as described above. The optimized data is preferably 
stored in the heater control section 94. In this case, the 
heater control section 94 includes a storage section (not shown) . 
The heating temperature of each heater may be controlled based 

25 on the data stored in the storage section in the heater control 
section 94 when manufacturing electronic circuit modules 
thereafter. 
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According to the present embodiment^ the effects 
described in the first embodiment can also be achieved • 

The electronic parts may be semiconductor devices. For 
example, at least one of a plurality of first electronic parts 
5 ( electronic part 20 , for example ) may be a semiconductor device . 
The semiconductor device may be either the surface-mount type 
or through-hole type. In case of using a surface-mount type 
semiconductor device, the semiconductor device may be mounted 
using leads of a lead frame of a QFP-type semiconductor device 
10 as electrodes, or using bumps (solder balls) of a BGA-type or 
CSP-type semiconductor device as electrodes. 

A semiconductor module may be manufactured by mounting 
the semiconductor device on the interconnect substrate 10. 
Specifically/ the above-described content may be applied to a 
15 method and an apparatus of manufacturing a semiconductor module • 
In such cases / effects the same as described above can be 
achieved • 
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